Socially isolated older adults are at greater risk for poor health and death than their wellconnected counterparts. However, information is lacking on whether social isolation among older adults affects health care spending. This study is the first to examine whether social isolation also affects health care spending among older adults. By examining Medicare spending data, this study found that a lack of social contacts among older adults is associated with an estimated $6.7 billion in additional federal spending annually.
INTRODUCTION
Social isolation-defined as a lack of meaningful contacts with others-is a significant risk factor for poor health status and increased mortality.
1 Older adults may be especially at risk for social isolation because they are more likely to have experienceslike the loss of friends and loved ones, or the onset of health problems-that increase their need for a strong foundation of robust social relationships. 2 Although it seems logical that older adults who lack meaningful relationships would have higher health care spending, no studies have examined this issue. Therefore, the AARP Public Policy Institute partnered with Stanford University's Center on the Demography and Economics of Health and Aging to investigate the link between social isolation and Medicare spending. 3 Medicare is a federal insurance program that covered over 46 million people ages 65 and older in 2015. Medicare helps pay for vital health services including inpatient hospital care, preventive care, physician visits, prescription drugs, and other services. 4 This study focused on the relationship between social isolation and Medicare spending because Medicare is the primary payer for health care services for virtually all Americans ages 65 and older.
This study is the first to explore the relationship between social isolation and Medicare spending. We found that a lack of social contacts among older adults is associated with an estimated $6.7 billion in additional Medicare spending annually.
BACKGROUND Social Isolation as a Social Determinant of Health
Social determinants of health (social determinants) are the conditions under which people are born, live, learn, work, and age that affect health, functioning, health and social risks, and overall quality-of-life. a set of national health goals and objectives with 10-year targets established by the U.S. Department of Health and Human Services in collaboration with multiple stakeholders. Healthy People tracks and measures progress towards specific health goals that have the potential to improve the health of all Americans -including measures that help track progress towards addressing social determinants of health. 6 However, the determinants of health measures do not include the quantity or quality of an individual's social contacts. 7 In short, Healthy People does not capture data on social isolation.
Addressing social determinants of health is a primary approach to achieving health equity between and within social groups. 8 Health equity is achieved when social position and other socially determined circumstances are no longer a barrier to reaching one's full potential, including optimal wellbeing. 9 Because social isolation is a clear risk factor for illness and death, drawing attention to it as a social determinant should create incentive for policy makers and public health officials to place more emphasis on population-based surveillance and the development of evidence-based interventions. These activities could prolong life and reduce the burden of illness and health spending.
Social Isolation among Older Adults
A focus on older adults and social isolation is appropriate because people may become more isolated as they age. 10 Loss of social contacts due to retirement, loss of loved ones and friends, and declining health may account for the effects of aging on diminished social connectedness.
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Increased frailty 12 and disability 13 may also play a role in age-related social isolation. Poor health may lead to older adults' isolation, or they may be isolated first, which contributes to their poor health outcomes. Both causal pathways may be present. From policy and public health perspectives, however, this distinction may not matter because interventions would be similar in either case. This paper does not attempt to demonstrate causation, although it identifies potential pathways for further investigation.
Social relationships-both quantity and qualityaffect mental health, health behavior, physical health, and mortality risk. Sociologists have played a central role in establishing the link between social relationships and health outcomes, identifying explanations for this link, and discovering social variation (e.g., by gender and race) at the population level. Studies show that social relationships have short-and long-term effects on health, for better and for worse, and that these effects emerge in childhood and cascade throughout life to foster cumulative advantage or disadvantage in health. This article describes key research themes in the study of social relationships and health, and it highlights policy implications suggested by this research.
METHODOLOGY
For this study, we pooled three years of data (2006, 14 2008, and 2010) on social isolation from the Health and Retirement Study (HRS)-a biennial nationally representative longitudinal survey of Americans ages 50 and older. 15 We linked data from each HRS year to beneficiary summary claims files containing Medicare spending for health care services that respondents received after their interview and up to December 31, 2012. The study sample included adults ages 65 and older who lived in the community at the time of the HRS survey, 16 were continuously enrolled in fee-for-service Medicare Parts A or B during the study period, and survived at least one year after their initial interview. We included Medicare beneficiaries regardless of whether they also had secondary health insurance (e.g., Medicaid, Medigap, employer-sponsored insurance). The final sample consisted of 5,270 individuals, for whom we had at least one year and a maximum of seven years of Medicare spending data. We estimated a generalized linear regression model to determine whether socially isolated feefor-service Medicare beneficiaries generate more Medicare spending under Parts A and B combined than those with more typical levels of social contact. Medicare spending for drugs under Part D was not available. Our model controlled for many variables known to influence Medicare spending and that could also be associated with social isolation, including the enrollees' health and functional status, region of residence, socioeconomic status, demographic characteristics, Medicaid coverage status, and living arrangement-all measured at the time of the respondents' HRS interview (for a detailed methodology, see appendix A).
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HOW WE MEASURED SOCIAL ISOLATION
Using a methodology adapted from Cornwell and Waite (2009), 18 we created a composite score of objective isolation (see distribution in appendix A) by standardizing 19 The composite score measures objective isolation on a continuum, with socially isolated individuals having lower scores and people with robust social contacts having higher scores. For our analysis, we converted the composite score into a discrete variable with three categories:
We defined the socially isolated group as those individuals with a composite score of less than one standard deviation below the mean. Connected individuals had scores within one standard deviation of the mean. Well-connected individuals had composite scores of more than one standard deviation above the mean (for details on the social isolation measure, see appendix A).
To estimate the cost of social isolation to Parts A and B of the fee-for-service Medicare program, we determined the additional Medicare spending per isolated beneficiary compared with those who were in the "connected" category.
STUDY LIMITATIONS
Our results do not apply to the entire Medicare population because our sample does not include Medicare beneficiaries under age 65, individuals enrolled in Medicare Advantage, and those who were living in institutions at the time of the initial HRS survey. In addition, we were not able to examine whether Medicare spends more on drugs for socially isolated enrollees under Part D than for those with robust social connections.
SAMPLE DESCRIPTION
Based on our social connectedness variable, an estimated 14 percent of study participants were socially isolated, 20 70 percent were connected, and 16 percent were well connected (table 1) . Medicare beneficiaries in our sample were 74 years old on average and over half the respondents (57 percent) were women. Compared with those who are connected, socially isolated respondents were more likely to be male, to be white, to live in an urban area, and to have lower household income and wealth. The socially isolated were more likely to have depression, to have difficulty performing one or more activities of daily living (ADLs), and to have five or more chronic illnesses.
Notably, in this sample of older adults, being married does not necessarily mean being socially connected. We found similar proportions of socially isolated, connected, and well-connected people were married (62-63 percent for each group). Our measure of social isolation accounts for contacts with friends, children, and other family members; a person without meaningful contact aside from his or her spouse could be deemed isolated. 21 In addition, men-who are more at risk for social isolation-are also more likely to be married (and less likely to be widowed) than women. Although it would not be correct to say that marital status has no effect on social isolation, our analysis finds that marital status and objective social network and activity are not strongly correlated, 22 and that even married older people are at risk of social isolation. Chronic illnesses refer to high blood pressure, diabetes, lung disease, heart attack/heart disease, cancer, stroke, and arthritis.
c CES-D = Center for Epidemiologic Studies Depression Scale; higher scores reflect greater levels of depression.
d ADL = activity of daily living.
PRINCIPAL FINDINGS
After controlling for a large number of baseline variables known to influence Medicare costs, we found that the program spent an estimated $134 more monthly ($1,608 annually) for each socially isolated older adult than it did for those in the connected category who had more typical levels of social contacts. This additional spending is comparable to what Medicare pays for certain chronic conditions, such as high blood pressure and arthritis (figure 1; see full results in appendix B).
To put this increased spending in perspective, about 30 million people ages 65 and older were enrolled in fee-for-service Medicare in 2012. 23 Generalizing from the study sample to the overall fee-for-service population, approximately 4 million of those enrollees were socially isolated, with total additional expenditures of $6.7 billion annually.
The increased spending for socially isolated Medicare beneficiaries consists partly of additional skilled nursing facility (SNF) spending (see table 2 ). Relative to those who were connected, socially isolated individuals were 29 percent more likely to use SNF care and their monthly SNF costs were $75 higher on average.
In contrast, people who were socially isolated were not significantly more likely to use inpatient care than those who were not. But when a socially isolated person was admitted to the hospital, Medicare paid more than it would have if the person were connected, by an average of $81 per beneficiary per month.
This increase in inpatient spending without a similar increase in use suggests that socially isolated individuals may be sicker when hospitalized, or may lack the support necessary to transition out of the hospital as quickly as connected individuals. In addition, when leaving the hospital, a lack of community support may be driving the higher use of SNF care for rehabilitation. In this study, we found no difference in outpatient use or spending for socially isolated Medicare beneficiaries. Note: Effect is for individuals who are socially isolated compared with a reference group of people who are connected. All models include full adjustment for health and functional status, region of residence, socioeconomic status, demographic characteristics, whether the respondent is covered by Medicaid, and living arrangement. Significance tests evaluate differences with the not-isolated group; p-values: * p < 0.05, ** p < 0.01.
a Adjusted incidence rate ratio for inpatient and outpatient spending, adjusted odds ratio for skilled nursing facility. In addition to differences in the cost and use of health care services, we also found that subsequent risk of death is about 50 percent higher for those who are socially isolated at baseline (see table 3 ). This increased mortality is consistent with prior research. 24 About 35 percent of isolated older adults died within six years of the initial interview, compared with 24 percent of those connected and 22 percent of those well connected. These figures are unadjusted percentages and do not control for baseline sociodemographic, health, and factors related to functional status in the three groups. However, even in a model controlling for all these variables, we found that socially isolated individuals had a 31 percent higher risk of death than those who were not socially isolated. 25 The difference in death rates suggests that isolated individuals may have poorer health trajectories (i.e., their health could be declining faster than the health of people with more robust social contacts). Although this analysis controlled for health status at the time of the initial interview, we were not able to measure health status after the baseline assessment.
FUTURE RESEARCH
This study based the operational definition of isolation on a composite of several items. More research is needed to determine the relative effect of different types of social relationships on Medicare spending and to better understand the mechanisms that link social isolation to higher Medicare spending. In addition, this study can only generalize to the age 65 and older fee-for-service Medicare population. Further research is needed to determine if additional expenditures due to social isolation are present for Medicare Advantage enrollees ages 65 and older and Medicare enrollees younger than 65-a total of 20 million people fall into these two groups.
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In addition, future research should examine the relationship between social isolation and Medicare spending on drugs. Last, it should be noted that Medicaid-a federal and state partnership that pays the cost of medical care for some people with limited income and resources-not Medicare, is the primary payer for long-term services and supports (LTSS) in both institutional and community settings. LTSS consist of a broad range of day-to-day help needed by people with long-term conditions, disabilities, or frailty, including personal care, transportation, household management, and other social services. Therefore, future research should examine the relationship between social isolation among older adults and Medicaid spending.
POLICY IMPLICATIONS
The human costs of social isolation among older adults are high: socially isolated older adults tend to have poorer health and higher mortality risks. This study-the first to look at the relationship between social isolation and Medicare spending-reveals that a lack of social contact is also associated with increased Medicare spending. This is true even after controlling for a large number of variables known to influence Medicare spending. 
Data Sources
This study uses pooled data from three waves Although the HRS started in the early 1990s, it did not begin to regularly collect data on participants' life circumstances, subjective well-being, and social relations-through its supplemental Psychological &Lifestyle Questionnaire-until 2006. We linked data from each of the HRS years (2006, 2008, 2010) to beneficiary summary claims files that contained Medicare spending data for health care services that respondents received after their interview and up to December 31, 2012.
Study Sample
For participants in more than one of the three HRS waves, we used information from only their earliest interview to create a sample of unique respondents (N = 10,772). We constructed our analytic sample by excluding Medicare enrollees under age 65 (N = 1,334) and those living in a nursing home at the time of their HRS interview (N = 26).
We further restricted our sample to beneficiaries continuously enrolled in fee-for-service Medicare Parts A or B 2 (N = 5,938). We included Medicare beneficiaries regardless of whether they also had secondary health insurance (e.g., Medicaid, Medigap, employer-sponsored insurance). We also excluded participants who died less than a year after their HRS interview (N = 171) because Medicare spending in the last year of life can differ significantly from earlier spending. Finally, we excluded foreign residents and respondents with missing data (N = 497).
Our final analytical sample consisted of 5,270 HRS respondents who had between 1 and 7 years of postinterview Medicare spending data, depending on when they were first interviewed. For respondents who died or left the study before the end of 2012, we used Medicare spending data for the health care services they received up to their death or up to when they left the survey. On average, respondents in our sample had 4.7 years of Medicare spending data.
Measure of Objective Isolation
To measure social isolation, we adapted a methodology developed by Cornwell and Waite 3 using the National Social Life, Health, and Aging Project (NSHAP). While NSHAP and the HRS generally ask similar questions about respondents' social interactions, there is some variation in question wording between the two surveys.
Following the steps outlined by Cornwell and Waite, we started by including a broad range of variables that potentially measure social connectedness in a composite score. Appendix table A1 lists the 16 variables that we initially considered. To create an internally consistent composite measure of social isolation, we sequentially eliminated nine indicators (items 8 through 16 in appendix table A1) with low item-rest correlation (correlation < 0.3)-an indication that the variable was not highly correlated with the overall social isolation scale. In particular, we excluded the measure of respondents' living arrangements, which has been used to capture people's social contacts. We tested a binary indicator of whether the respondent lived alone as well as a continuous measure for the total number of household residents. In both cases, the item-rest correlation did not reach the 0.3 threshold such that including these variables reduced the shared variance among scale items. Others have reported a similar finding that living arrangement is not necessarily a good indicator of social isolation. 4 To create our final composite score of objective isolation, we standardized Socially isolated respondents had lower scores than those who were socially connected.
Using factor analysis, we verified that all seven items in our scale measured a single concept. Our composite scale had good internal consistency, with a Cronbach alpha coefficient of 0.72. 6 Appendix figure A1 shows the distribution of the composite score of social isolation. Appendix table A2 shows the percentiles for this variable. Note: Socially isolated respondents have lower scores than those who were socially connected.
APPENDIX FIGURE A1 Distribution of the Composite Score of Objective Isolation
The goal of this study was to understand the implications of social isolation as a social status. Our focus was not to examine differences associated with a person's degree of social isolation. Consequently, for the analytical models, we converted the composite score into an ordinal categorical variable 7 with three categories: 
Other Variables
In addition to our key measure of objective isolation, our analytical models controlled for several variables known to influence Medicare spending. We measured all control variables at the time of the respondent's HRS interview. These variables were the following: • • Demographic characteristics-that is, age, sex, race, education, marital status • • Socioeconomic status-that is, income, wealth, employment status 7 An ordinal categorical variable has two or more categories with an intrinsic order (e.g., low, medium, and high). • • Geographic region-that is, region where respondents live 9 and whether respondents live in an urban area • • Health and functional status-that is, chronic conditions (high blood pressure, diabetes, lung disease, heart disease, cancer, stroke, arthritis), difficulty performing activities of daily living, depression, history of smoking, current alcohol use, and body mass index Finally, the models included the year of respondents' initial interview.
Statistical Models
We estimated a multivariate regression using a generalized linear model to determine whether socially isolated respondents generate more spending by Medicare than those who are in the "connected" category and have more typical levels 
